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Abstract: Childhood psychiatric disorders are rarely static; rather they change over time and longitudinal
studies are ideally suited to capture such dynamic processes. Using longitudinal data, insights can be
gained into the nature of the perturbation away from the trajectory of typical development in childhood
disorders. Thus, some disorders may reflect a delay in neurodevelopmental trajectories. Our studies in
children with attention-deficit/hyperactivity disorder (ADHD) suggest that cortical development is
delayed with a rightward shift along the age axis in cortical trajectories, most prominent in prefrontal
cortical regions. Other disorders may be characterized by differences in the velocity of trajectories: the ba-
sic shape of neurodevelopmental curves remains intact, but with disrupted tempo. Thus, childhood onset
schizophrenia is associated with a marked increase during adolescence in the velocity of loss of cerebral
gray matter. By contrast, in childhood autism there is an early acceleration of brain growth, which over-
shoots typical dimensions leading to transient cerebral enlargement. Finally, there may be more profound
deviations from typical neurodevelopment, with a complete ‘‘derailing’’ of brain growth and a loss of the
features which characterize typical brain development. An example is the almost complete silencing of
white matter growth during adolescence of patients with childhood onset schizophrenia. Adopting a lon-
gitudinal perspective also readily lends itself to the understanding of the neural bases of differential clini-
cal outcomes. Again taking ADHD as an example, we found that remission is associated with
convergence to the template of typical development, whereas persistence is accompanied by progressive
divergence away from typical trajectories. Hum Brain Mapp 31:917–925, 2010. VC 2010 Wiley-Liss, Inc.
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INTRODUCTION: HOW TRAJECTORIES CAN

GO AWRY

Structural brain development in healthy children follows
regionally heterochronous, complex trajectories [Giedd

et al., 1999]. In gray matter development, whether meas-
ured by cortical volume or thickness, there is a phase of
early increase, followed by a late childhood/adolescent
phase of decrease, before the cortex settles into adult
dimensions. White matter has a more sustained pattern of
expansion persisting through adolescence. Given the com-
plexities of these trajectories, it is perhaps not surprising
that they can go awry, resulting in disturbances in cogni-
tion, affect, and behavior.

What can go wrong with a trajectory? First, the trajec-
tory can be intact in the sense that it has the same general
shape as a typical neurodevelopmental curve, but the
curve is shifted along the age axis. An example is given in
Figure 1A. Here the curve is shifted rightward along the
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age axis so that the age of reaching key transition points is
later; in this example, peak values of neuroanatomic varia-
bles are attained at a later age. This implies that the disor-
der is characterized by a delay in the pattern of typical
development. Alternatively, disorders may be associated
with differences in the tempo of neural change; Figure 1B
shows primarily the acceleration of the course of typical
development. Another possibility is more profound devi-
ance, with the trajectory lacking the basic shape of a typi-
cal developmental trajectory (Fig. 1C). In this selective
review, anomalies in developmental trajectories are linked
with various childhood mental disorders. It is important
to stress that this suggested categorization of developmen-
tal trajectory anomalies is preliminary and the anomalies
are not mutually exclusive—a trajectory could incorporate
elements of delay (in the sense that points of curve inflec-
tion occur later) but also be altered in velocity.

The focus throughout this selective review is on neuroa-
natomic findings as this constitutes the bulk of longitudi-
nal neuroimaging in childhood disorders, but findings
from other modalities—of brain function (e.g., functional
MRI, magnetoencephalography, positron emission tomog-
raphy) and ultrastructure (e.g., magnetic resonance spec-
troscopy and diffusion tensor imaging)—will undoubtedly
yield rich insights. The examples of childhood attention-
deficit/hyperactivity disorder (ADHD) and childhood-
onset schizophrenia (COS) predominate, but a similar lon-
gitudinal approach has been used by many other research
groups to give insights into autism [Courchesne et al.,
2007; Hazlett et al., 2005] and neurodegenerative disorders
[Vemuri et al., 2009].

DELAY: SHIFTS ALONG THE AGE AXIS

In research on ADHD, cross-sectional studies have
established that there is global cerebral and cerebellar vol-
umetric reduction in the disorder [Ellison-Wright et al.,
2008; Krain and Castellanos, 2006; Seidman et al., 2005],
with the basal ganglia [Ellison-Wright et al., 2008] and pre-
frontal cortex being most compromised [Valera et al.,
2007]. At least some of these differences are not epipheno-
mena of symptoms as they are found in unaffected rela-
tives [Durston et al., 2004, 2005] and do not seem to be
due to medication [Bledsoe et al., 2009; Semrud-Clikeman
et al., 2006; Shaw et al., 2009]. But what can longitudinal
studies add?

At the NIMH we have collected a large group of chil-
dren and adolescents with ADHD the majority of whom
have had repeated neuroanatomic imaging in tandem with
ongoing clinical assessments. This data allows us to define
neurodevelopmental trajectories and to relate these to cog-
nitive and clinical variables. We have started by examining
cortical and cerebellar trajectories. This is merely a first
step and will be complemented in future work by a delin-
eation of white matter and subcortical trajectories, with an
emphasis on defining the interconnections between growth
patterns of different brain regions.

Before discussing the findings, it is worthwhile to note
that longitudinal studies are not without their limitations:
foremost are problems with retention, and the possibility
of nonrandom loss to follow-up. Gaps in data sets can
appear, often with poorer coverage of younger age ranges
(especially under 6) reflecting the challenges associated
with acquiring high-quality structural neuroimaging data
on the very young, especially those who have problems
lying still. In studies conducted over years, continual
improvements in technology can lead to the complex, but
not insurmountable, problem of integrating data acquired
on different scanners over time.

Despite these issues, longitudinal data are well poised
to capture developmental processes. As an example, in
our studies on cortical development, we have studied cort-
ical thickness, partly as this can be determined by

Figure 1.

How developmental trajectories can go awry. In all examples hy-

pothetical data representing the change in cortical thickness of a

cerebral point is given. (A) The pathological trajectory has the

same form as the typical trajectory but is displaced rightward

along the age axis and so key characteristics such as the age of

peak thickness, shown in the bold arrows, is attained later. (B)

The pathological trajectory has the same form, but changes at a

higher velocity. (C) The pathological trajectory loses the form

or shape of a typical trajectory.
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computational neuroanatomic methods at thousands of
points throughout the cerebrum allowing an exquisite spa-
tial resolution surpassing that of most volumetric studies
(which are conducted either at the level of the entire lobe
or use specific regions of interest). We compared the
change in the thickness of the cortex—estimated at over
40,000 cerebral points using computational techniques—in
223 children and adolescents with ADHD against matched
healthy controls, with a total of 823 neuroanatomic scans
[Shaw et al., 2007]. Most participants had scans acquired
at least twice, with an average of a 2-year interval between
scans. The age of the initial scan ranged from 4 to 20 years
of age, with most data between the ages of 8 and 16, and
the resulting data set thus afforded good coverage from
childhood through adolescence. From this data the growth
trajectory of each cortical point was determined using
mixed model polynomial regression. This method is cho-
sen as it permits the inclusion of multiple measurements
per person and irregular intervals between measurements,
thereby increasing statistical power [Diggle et al., 1994].
Many types of developmental trajectories can be deter-
mined using this method. In this study, a trajectory which
had a childhood phase of increase followed by a phase of
decrease was appropriate. From this trajectory, we defined
the age at which peak cortical thickness was attained, that
is, the age at which childhood increase in cortical thickness
gives way to adolescent decrease. Cortical maturation, as
indexed by this marker, in children with ADHD lagged
behind that of typically developing children by �3 years
overall and the delay was most prominent in the lateral
prefrontal cortex (Fig. 2). However, the ordered sequence
of regional development, with primary sensory and motor
areas attaining their peak cortical thickness before high-
order association areas, was similar in both groups, sug-
gesting that ADHD is characterized by delay rather than
deviation in cortical maturation. The primary motor cortex
was the only cortical area where the ADHD group showed
slightly earlier maturation. These findings imply that the
neuroanatomic signature of childhood ADHD is dynamic
and that the disorder is associated with cortical develop-
mental curves which retain many typical features, but are
shifted along the age axis. Also note, for much of the cor-
tex, the developmental curve for ADHD nestles within the
curve of typical development. This implies that in many
regions the peak cortical thickness is smaller, reflecting the
general thinning of much of the cortex seen in ADHD.
This integrates previous findings of reduction in cortical
dimensions in ADHD with the current finding of a promi-
nent delay in cortical maturation.

The combination of frontotemporal delay in cortical mat-
uration in ADHD, but with a sequence of development
which mirrored that of typical development, supports the
concept that childhood ADHD may reflect a ‘‘maturational
delay.’’ This is in keeping with reports that the brain activ-
ity at rest and in response to cognitive probes is similar
between children with ADHD and their slightly younger
but healthy peers [El-Sayed et al., 2003; Fernández et al.,

2009; Rubia, 2002]. In one of the few studies to link cogni-
tive measures and neuroanatomy McAlonan et al. [2009]
found that 7- to 12-year-olds with ADHD lagged several
years behind their typically developing peers in a measure
of response inhibition and that improvement with age cor-
related with increasing volumes in a network compromis-
ing the anterior cingulate, striatum, and medial temporal
lobes. Thus both the McAlonan study and our work found
increasing cortical dimensions during late childhood. The
McAlonan study suggests that this increase may amelio-
rate cognitive deficits in ADHD. It is also notable that the
only cortical region where we found the ADHD group to
have earlier maturation was the primary motor cortex, and
perhaps the combination of early maturation of the pri-
mary motor cortex with late maturation of higher order
motor control regions may reflect or even drive the exces-
sive and poorly regulated motor activity cardinal to the
syndrome. It should also be noted that the maturational
delay is most prominent in the lateral prefrontal cortex,
the neuroanatomic substrate most frequently implicated in

Figure 2.

(A) Dorsal view of the cortical regions where peak thickness

was attained at each age. The darker color indicates regions

where a peak age could not be calculated or the peak age was

estimated to lie outside the age range covered. Both groups

showed a similar sequence of the regions which attained peak

thickness, but the ADHD group showed considerable delay in

reaching this developmental marker. (B) Kaplan Meier curves

illustrating the proportion of cortical points which had attained

peak thickness at each age for (a) all cerebral cortical points and

(b) the prefrontal cortex. The median age by which 50% of cort-

ical points had attained their peak differed significantly between

the groups (all P<1.0 � 10�20).
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neuropsychological models of ADHD as a result of deficits
in core cognitive processes such as response inhibition,
temporal processing, and working memory [Barkley, 1997;
Castellanos and Tannock, 2002; Nigg and Casey, 2005;
Sonuga-Barke, 2002; Toplak et al., 2006].

DISRUPTED VELOCITY OF ATRAJECTORY

Developmental curves can also differ in their velocity
(the first-order derivative of a curve) or acceleration/decel-
eration (the second-order derivative). In a study of healthy
children of differing intellectual ability, we found that the
main difference in cortical development was the velocity
of change. Thus, while all children showed the same basic
developmental trajectory, (a childhood phase of cortical
thickening gave way to a phase of adolescent thinning
which eventually settled into adult cortical dimensions);
all of these changes happened at a greater velocity in more
intelligent children [Shaw et al., 2006a]. Might similar dif-
ferences in the rate of neurodevelopment characterize
childhood mental health disorders?

Meta-analysis of studies of brain size in children and
adults with autism suggest that the disorder may indeed
be associated with a change in the velocity of neurodeve-
lopmental curves [Redcay and Courchesne, 2005]. The
most anomalous period of growth is very early in life.
Two longitudinal studies examined brain volumes as
determined by MRI at age 2 and related these to head cir-
cumference measures (taken as a proxy for brain volume)
made at birth and during the early years [Courchesne
et al., 2003; Hazlett et al., 2005]. They found that while
head circumference at birth was normal or low-normal in
infants who would later be diagnosed with autism, there
was an infantile rapid acceleration of brain growth both in
gray matter and white matter. In one study, this spurt
started around 6 months; in the other study, the accelera-
tion started around 1 year. The accelerated growth was
dysregulated as by 2 years of age the children with autism
had greater brain volumes than typically developing and
developmentally delayed comparison subjects. It appears
that this accelerated growth plateaus after early childhood
and so by late childhood brain volumes regress to normal
ranges [Redcay and Courchesne, 2005]. A similar pattern
in early childhood was found for the amygdalae: at both
age 2 and age 4, children with autism had large amygda-
lae consistent with a pattern of early overgrowth leading
to bigger volumes [Mosconi et al., 2009]. Enlarged amyg-
dalae were associated with deficits in a core aspect of
social cognition—the ability to engage in joint attention.

The pattern of accelerated growth resulting in abnor-
mally large volumes in autism contrasts with reports of
increased velocity in gray matter loss during adolescence
in patients with COS. Much of this work has stemmed
from a longitudinal study at NIMH of over 100 patients
with COS, who have had repeated combined neuroimag-
ing and clinical assessments, and is reviewed more fully

elsewhere [Gogtay, 2008; Rapoport and Gogtay, 2008]. As
discussed earlier in typical development, cortical gray mat-
ter appears to mature in a parietofrontal (back to front)
direction and medially in a centripetal (‘‘top–down’’) fash-
ion. In patients with COS, the sequence of gray matter de-
velopment during adolescence resembled that of healthy
controls but had a greater velocity [Thompson et al., 2001].
Thus, the adolescent parietofrontal wave of cortical thin-
ning which characterizes typical development was more
pronounced in adolescents with COS. Similarly in the
medial cortical wall, centripetal thinning in adolescents
with COS resembled that of typical development but again
occurred with greater velocity [Vidal et al., 2006]. This
increased rate of cortical thinning did not persist into
adulthood rather it ‘‘stopped’’ in late adolescence in the
parietal cortex leading to a relative normalization of this
region [Greenstein et al., 2006]. However, in frontotempo-
ral regions, the anomalous trajectories persisted resulting
in frontotemporal cortical deficits resembling those
reported in adult-onset schizophrenia.

Interestingly, the younger, healthy siblings of patients
with COS in childhood showed significant gray matter
deficits in the left prefrontal and bilateral temporal cortices
and smaller deficits in the right prefrontal and inferior pa-
rietal cortices compared with the controls, suggesting that
the prefrontal and temporal deficits may be familial/trait
markers [Gogtay et al., 2007]. However, in the frontotem-
poral regions, a slower rate of cortical thinning during
adolescence led to a correction of the initial cortical deficits
by adulthood. Could such disruptions in the velocity of
cortical developmental trajectories act as a endophenotype
in future studies, as they are present in unaffected first-
degree relatives and may lie close to the neurobiology of
the disorder?

An altered pace of neurodevelopmental trajectories thus
characterizes autism and COS. Autism shows pronounced
early life acceleration of growth leading to a transient
overshoot of brain volumes. By contrast, in young adoles-
cents with COS, there is increased velocity of gray matter
thinning, which rectifies itself in parietal regions, but
partly persists in frontotemporal regions leading to the
cortical deficit pattern found in adult-onset schizophrenia.

DEVIANT TRAJECTORIES

Another possibility is that a developmental curve can
lose much of its form or shape. Again an example comes
from COS. During typical development there appears to
be an increase in white matter volumes during the adoles-
cent years [Giedd et al., 1999]. However, this volumetric
gain is almost completely absent during adolescence in
patients with COS [Gogtay et al., 2008]. Instead of steady
increase, these patients show a loss of white matter expan-
sion throughout the entire right hemisphere with ‘‘growth’’
rates not differing significantly from zero and only a trend
to white matter growth in the left hemisphere (see Fig. 3).
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There are many other disorders that are likely to show a
loss of the features which typify development, such as
some of the syndromes associated with moderate and
severe global intellectual disability. For example, extrapo-
lating from the cross-sectional studies of people who have
Down’s syndrome (DS; trisomy 21), there appears to be a
complex mix of deviant trajectories (particularly of the cer-
ebellum and frontal lobes) and intact trajectories (of the
basal ganglia and thalamus) [Pinter et al., 2001]. Given the
known genetic lesion in this disorder, it may thus give
insights into distinct control mechanisms for cortical, cere-
bellar, and basal ganglia growth. People with DS also have
a high rate of early onset Alzheimer’s disease and thus
can give rich insights into this common dementia. For
example, even prior to the onset of clinical symptoms,
people with DS most at risk for dementia show volume
loss in the hippocampus and caudate, structures which
other studies find to be most compromised in those with
DS with established Alzheimer’s disease [Beacher et al.,
2009; Haier et al., 2008].

It is also possible that nestling within the syndromes
such as autism and schizophrenia there are subgroups
which may have particularly pronounced deviant develop-
mental trajectories. There are many possible variables
which might define these subgroups, such as clinical se-
verity, poor clinical outcome (a point we will return to
later), and genetic characteristics. Of particular interest are
recent demonstrations that a high percentage of patients
with autism [around 10%; Bucan et al., 2009; Cusco et al.,
2009; Sebat et al., 2007] and schizophrenia [around 20% for
COS; Rapoport et al., 2009; Walsh et al., 2008] may have
large-scale DNA deletions and duplications or copy num-
ber variants (CNVs). In this vein, people who have a
microdeletion on 22q have a constellation of congenital

defects and greatly increased risk for schizophrenia. One
of the genes deleted is the catechol-O-methyl-transferase
(COMT), which has both low and high activity forms and
is critical in the regulation of cortical dopamine. As sub-
jects with 22q deletion have only one copy of the COMT
gene, they may be particularly prone to the fluctuations in
cortical dopamine associated with the gene variants.
Indeed, in a longitudinal study of 18 people with the syn-
drome, extreme deficiency of COMT activity was associ-
ated both with increased velocity of prefrontal cortex
volume loss, more rapid decline in intelligence, and a
higher rate of emergence of psychotic symptoms [Gothelf
et al., 2005]. Initial observations from our group suggest
that early subtle developmental anomalies are prominent
in patients with CNVs, possibly regardless of diagnosis,
and they may have particularly anomalous brain struc-
tures [Addington and Rapoport, 2009]. It is possible that
CNVs may also segregate with deviant developmental tra-
jectories, which might cut across traditional diagnostic
categories.

USING TRAJECTORIES TO UNDERSTAND

CLINICAL OUTCOME

Longitudinal data is also ideal for studying the neuroa-
natomic correlates of one of the most important features of
childhood psychiatric disorders, namely their variable clin-
ical outcome. To take ADHD as an example, the disorder
has a tendency to improve with age in most, but certainly
not all, subjects. A recent meta-analysis shows only 15–
20% of those with childhood ADHD retained the diagnosis
in adulthood and a further �50% had residual symptoms
which were impairing [Faraone et al., 2006]. This is

Figure 3.

Tissue growth rates mapped in healthy controls and COS patients. (A, B) These maps show the

average rates of tissue growth (red) and tissue loss (blue) throughout the brain in percentage

per year, for healthy controls (A) and COS patients (B). (C, D) These corresponding maps show

the significance of the tissue growth in (A, B), respectively. There is almost no significant growth

in the COS patients compared to the healthy controls.
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apparent in our cohort: while at baseline (mean age 10) all
had combined-type ADHD, but by mid-adolescence (mean
age 15.5) 18 (21%) of those with DSM-IV re-interview data
had a complete remission, 37 (42%) had a partial remis-
sion, and 32 (37%) showed no improvement (retaining the
diagnosis of combined type ADHD) [Shaw et al., 2006b].

Using our cohort’s yoked, prospectively acquired neuro-
anatomic and clinical data, we defined neuroanatomic tra-
jectories which reflected varying clinical outcome. Because
of the smaller sample size of those with outcome data and
the restricted age range we could only delineate the phase
of cortical thinning which characterizes adolescent cortical
development. We first examined cortical development in
ADHD subjects with full or partial remission at last fol-
low-up. This group differed significantly in the trajectory
of cortical change in the right parietal cortex, most promi-
nently in the superior parietal lobule (where the trajectory
‘‘normalization’’ reached significance). Here, there was a
convergence between the trajectories of the remitted
ADHD group and the typically developing cohort such
that by late adolescence there was ‘‘normalization’’ of cort-
ical thickness in those who remit from ADHD (see Fig. 4).
A similar trend held throughout lateral prefrontal cortex.
By contrast, the group of ADHD subjects with persistent
combined type ADHD showed either fixed nonprogressive
cortical deficits or a slight tendency to diverge away from
typical trajectories. These deficits localized to the medial
prefrontal wall, especially the left posterior cingulate and

regions in the superior frontal gyri. An independent study
of adults with ADHD, who by definition have a poor out-
come of their childhood ADHD, found cortical thinning in
similar regions [Makris et al., 2007].

We found similar links between clinical outcome and
developmental trajectories at the cerebellar level [Mackie
et al., 2007]. Using a semiautomated method to measure
ten cerebellar hemispheric and vermal compartments, we
found that trajectories of the inferior posterior hemi-
spheres, the largest single cerebellar compartment, differed
between the outcome groups as the subjects with persis-
tent ADHD diverged from both their peers with remitting
ADHD and typically developing controls. A theme
emerges: remission in ADHD may be characterized by a
normalization of initial delays and deficits (more promi-
nent in the cortex than the cerebellum), whereas persistent
ADHD may be characterized by a more deviant trajectory
(more prominent in the cerebellum than cortex).

What is the significance of the different cortical trajecto-
ries we find in those with different clinical outcome? A
reasonable hypothesis is that deviation away from the tra-
jectory of typical development is associated with persistent
or worsening cognitive deficits, whereas convergence to-
ward the template of typical development may be associ-
ated with the amelioration of cognitive deficits. In a study
of 98 adolescents with a history of childhood ADHD, Hal-
perin et al. [2008] found that those with persistent and
remitted ADHD both showed deficient perceptual

Figure 4.

Cortical normalization in ADHD with a good clinical outcome. The brain template shows

regions where good outcome ADHD converges with the trajectory of typically developing chil-

dren. Regions in blue and green show where this occurs at a trend level, and regions in yellow

and red show where the convergence is significant, namely the right superior parietal lobule.

The graphs show the cortical change in the right superior parietal lobule for the groups showing

partial remission (top) and full remission (bottom).
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processing and increased movement, but only those with
persistent ADHD showed deficits in effortful executive
processing relative to healthy controls. Earlier this research
group reported that behavioral trends of performance on a
task of response inhibition were accompanied by neural
activation gradients such that those with persistent ADHD
with most errors on a response inhibition tasks showed
greatest activation of the ventrolateral prefrontal cortex,
followed by those with remitted ADHD (who had an in-
termediate level of performance in response inhibition)
and then healthy controls [Schulz et al., 2005]. While this
activation pattern of increased inferior frontal activation in
ADHD is controversial, the study is one of the few to
examine the neural mechanisms of recovery in ADHD and
supports the concept of a convergence toward typical
brain activity accompanying cognitive improvement in
remitting ADHD. Other brain regions may be involved:
for example might the prominent right parietal cortical
‘‘normalization’’ we found in the remitting ADHD be the
structural correlate of cognitive compensation, with the pa-
rietal region supporting attentional functions typically
mediated by the prefrontal cortex which does not show
such marked cortical normalization? Similarly, the link
between enlargement of the hippocampus and fewer
ADHD symptoms reported by Plessen et al. [2006] is com-
patible with a hippocampal compensatory response which
in turn could plausibly be linked to improvement in tem-
poral sequencing and perception of time. In those with a
poor clinical outcome, progressive deviation away from
the template of typical development in cerebellar volumes,
especially of the inferior posterior hemispheres, could per-
haps translate into persistent, even progressive deficits in
executive function and verbal working memory [Castella-
nos and Tannock, 2002; Nigg and Casey, 2005; Sonuga-
Barke, 2002; Toplak et al., 2006].

ETIOLOGICAL CONSIDERATIONS

Thinking of childhood psychiatric disorders as reflecting
anomalies in the tempo of developmental trajectories
prompts us to look at etiological factors driving these dis-
ruptions. Most childhood psychiatric disorders are highly
heritable, implicating genetic factors and their interaction
with the environment. The relative weighing of genetic,
shared, and unique environmental factors in shaping de-
velopmental trajectories can be defined using a twin design
(comparing mono- and dizygotic twins). Lenroot et al.
[2009] have adopted this approach to demonstrate age-
related differences in cortical heritability with later devel-
oping regions (both in terms of phylogeny and ontogeny)
such as the dorsolateral prefrontal cortex showing increas-
ing genetic effects with age. A similar ‘‘twins’’ approach
defining the heritability of key brain structures using cross-
sectional data has been applied in other disorders includ-
ing ADHD [van’t Ent et al., 2007] and bipolar affective dis-

order [van der Schot et al., 2009], and an extension of this
work using longitudinal data would be welcome.

There is already considerable interest in mechanisms
controlling the developmental sequencing of the activation
and deactivation of genes which sculpt brain architecture.
In this context, neurotrophins, essential for the prolifera-
tion, differentiation, and survival of neuronal and non-neu-
ronal cells, emerge as promising candidates, and indeed
polymorphisms within the brain-derived neurotrophic fac-
tor and nerve growth-factor 3 genes have already been ten-
tatively linked with ADHD [Kent et al., 2005; Syed et al.,
2007]. Similarly, disrupted trajectories call attention to the
dynamic nature of underlying cellular events. For example,
it has been speculated that the early brain overgrowth in
autism may reflect excess neuron numbers, which demon-
strate excessive local connectivity at the cost of the long-
distance interactions between different brain regions which
are necessary for the development of normal language and
social cognition [Courchesne et al., 2007].

Environmental factors, both as main effects and by vir-
tue of their interaction with genetic factors, must also be
considered. Studies such as the National Children’s Study
are ideally placed to define prospectively the effect of key
environmental exposures on later brain development.
There are also a host of other individual differences such
as sex [Lenroot et al., 2007] and intellectual ability [Shaw
et al., 2006a], which appear to influence developmental tra-
jectories in typically developing children. How these fac-
tors act to confer vulnerability to certain disorders remains
unclear, but is a focus of current work.

CONCLUSIONS

Using neuroanatomic trajectories may not only provide
one part of the pathogenic puzzle of childhood disorders
but also help us move away from a purely syndromic cat-
egorization to one incorporating features such as the pat-
tern of brain growth. This will require the reliable
identification at the individual level of diagnostic signals
in neurodevelopmental trajectories. This is complicated by
the subtle nature of the neural changes detectable with
current technology, as there are generally large overlaps in
the distributions of neuroanatomic variables in healthy
and ill populations. Perhaps a move to new technologies,
novel combinations of existing ones, and advances in sta-
tistical analysis may help us realize this goal. Finally, lon-
gitudinal studies throw light into the neural bases of
differential clinical outcome in disorders, which promises
better, more targeted treatments.
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